Aims/hypothesis The aim of this study of type 2 diabetic patients in the Swedish National Diabetes Register was to study the associations of BMI, overweight (BMI 25-29.9 kg/m 2 ) and obesity (BMI≥30 kg/m 2 ) with cardiovascular disease in type 2 diabetes, as these associations have not previously been clarified. Methods Patients aged 30-74 years with no previous CHD or stroke (N=13,087) were followed for a mean of 5.6 years until 2003 for fatal or non-fatal CHD, stroke, cardiovascular disease (CHD or stroke) and total mortality. In total, 1,922 cardiovascular-disease events occurred, based on 64,864 person-years.
Introduction
The prevalence of type 2 diabetes is increasing worldwide as a result of the increasing size of the ageing population, improved survival rates and the increasing prevalence of overweight and obesity [1] [2] [3] . It is well established that patients with diabetes are at high risk of cardiovascular disease (CVD) and that risk-factor control is of great importance in reducing this risk [4] [5] [6] [7] . The association between overweight/obesity and the increased risk of cardiovascular disease is well established in the general population, in both men and women [8] [9] [10] [11] [12] .
The results are more conflicting in patients with diabetes. Studies have reported inverse, no or positive associations between increasing BMI and CVD and mortality [13] [14] [15] [16] . Overweight and obesity are highly prevalent among diabetic patients [17] [18] . Previous reports from the National Diabetes Register (NDR) in Sweden have shown improvement in riskfactor control, apart from increasing BMI, in patients with type 2 diabetes over time, and also that obese and overweight patients with type 2 diabetes have higher frequencies of hypertension, dyslipidaemia and microalbuminuria, which are well-known cardiovascular risk factors [17, 19] .
The aim of the present study, based on data from the Swedish National Diabetes Register, was to describe the associations between BMI, overweight and obesity, fatal or non-fatal CHD, stroke, CVD and total mortality, in female and male type 2 diabetic patients aged 30-74 years. A secondary aim was to analyse associations between weight changes and cardiovascular complications and total mortality. Database-linkage analyses were performed using the Swedish Cause of Death and Hospital Discharge Registers.
Methods
The Swedish NDR was initiated in 1996 in response to the demands of the St Vincent declaration for quality assurance in diabetes care, and has been described previously [20] . In short, the aims of the NDR are to monitor diabetes care and to encourage the registration of all diabetic patients at least once a year, enabling participating centres to use national results as benchmarking tools for quality assurance in diabetes care. Reporting to the NDR is not mandatory, but all hospital diabetes outpatient clinics and primary healthcare centres are encouraged to participate. All patients gave informed consent before agreeing to be included. The registration of patients is generally carried out by trained nurses or physicians using a printed form, or by transferral of data from clinical record databases. All information is subsequently stored in a central database. Since 2002, it has also been possible to register patients via the Internet (http://www.ndr.nu).
The study, approved by the Regional Ethics Committee at the University of Gothenburg, involved 13,087 female and male type 2 diabetic patients in the NDR, aged 30-74 years, BMI≥18 kg/m 2 and with no previous CHD or stroke, who were followed for 6 years from 1998 to 2003. The epidemiological definition of type 2 diabetes used in this study was: a patient treated with diet or oral hypoglycaemic agent (OHA) only, or a patient treated with insulin alone or in combination with OHA and age ≥40 years at onset of diabetes. Only 1% were aged below 30 years at onset, and 3% had age at onset below 40 years. Sixty-seven per cent of all patients were treated in primary healthcare centres and 33% in hospital outpatient clinics. We also included a subgroup of 4,916 overweight or obese (BMI 25-40 kg/m 2 ) type 2 diabetic patients with data available at baseline and in 2003.
Baseline Clinical characteristics analysed at baseline were age, sex, duration of diabetes, type of hypoglycaemic treatment, weight, height, smoking, HbA 1c , blood pressure, use of antihypertensive and lipid-reducing drugs, and microalbuminuria. Baseline values were registered in 1997 and 1998 and were estimated as the mean of 1997 and 1998 values when available. The patients were screened using local methods and devices, but guidelines were available to ensure the use of similar methodology. Body mass index was calculated as weight (in kg) divided by height (in m) squared. Blood pressure was registered as the mean of two readings (Korotkoff phases 1-5) with the patient sitting or lying down, using a cuff of appropriate size. A smoker was defined as a patient smoking one or more cigarettes per day, or a pipe daily, or someone who had stopped smoking within the past 3 months.
Laboratory analyses were carried out at local laboratories. HbA 1c analyses are quality assured in Sweden. Diabetes clinics and primary-care centres both use methods regularly calibrated with the HPLC Mono-S method. In this study, all HbA 1c values were converted to the DCCT standard levels using the formula: HbA 1c (DCCT)=(0.923× HbA 1c [Mono-S]) + 1.345; R 2 =0.998 [21] . Microalbuminuria was defined as cumulative urine albumin excretion above 20 μg/min in two out of three consecutive tests.
Follow-up, definition of endpoints All patients were followed from the baseline examination for 6 years, or until the first-incident cardiovascular event or death. Censor date was 31 December 2003. Mean follow-up was 5.6 years. All patients were free from CHD or stroke at baseline. Four major endpoints were used in this study: first-incident fatal or nonfatal CHD, stroke or CVD event, and total mortality. A CVD event was defined as CHD or stroke, whichever came first. A fatal CHD event was defined as fatal ischaemic heart disease (ICD-10 codes I20-I25) or sudden cardiac death (ICD-10 codes R96.0-1) (http://www.who.int/classifications/icd/en/). A non-fatal CHD event was defined as non-fatal myocardial infarction (ICD-10 code I21), unstable angina (ICD-10 code I20.0), percutaneous coronary intervention and/or coronary artery bypass graft. A stroke event was defined as fatal or non-fatal stroke (ICD-10 codes I61, I63, I64, I67.9). Peripheral vascular disease was not analysed. All endpoint events were retrieved by data linkage with the Swedish Cause of Death and Hospital Discharge Registers, a validated alternative to revised hospital discharge and death certificates [22, 23] .
In total, 1,922 first-incident fatal/non-fatal CVD events occurred, based on 64,864 person-years, among all 13,087 participants. In the subgroup of 4,916 patients, change in BMI during the study period was defined as final BMI minus baseline BMI, where final BMI in the case of a fatal event was measured the year before the event and otherwise in 2003. The number of CVD events was 708, based on 24,144 person-years.
Statistical methods
Results for continuous variables are described as mean values±one SD, and proportions with significance levels for trend of differences were estimated with ANOVA and χ 2 test. Cox regression analysis was used for estimation of hazard ratios with 95% CI for CHD, stroke, CVD and total mortality. The proportional hazards assumption, requiring constant hazard ratios over time, was tested for all covariates in the models with the Kolmogorov-type supremum test, using resampling, and with the test of all time-dependent covariates simultaneously, and confirmed that this assumption was not rejected for any of the covariates included. The stepwise selection method was also performed to check the results of the analyses with all covariates included. The Hosmer-Lemeshow test demonstrated a non-significant χ 2 test for the models used, indicating excellent goodness-of-fit of the models.
Hazard ratios for BMI and CHD, stroke, CVD and total mortality were adjusted for age, sex, diabetes duration, type of hypoglycaemic treatment, smoking and significant interaction variables at baseline (model 1), and also for HbA 1c , systolic blood pressure, antihypertensive drugs, lipid-lowering drugs, microalbuminuria and significant interaction variables at baseline (model 2). Hazard ratios for change in BMI (final BMI minus baseline BMI) and CHD, stroke, CVD and total mortality were derived, with adjustment according to model 2. Interaction between BMI and all covariates was analysed with maximum-likelihood estimation. Significant interaction variables were added in all Cox regression analyses: smoker × sex; smoker × duration, antihypertensives × systolic BP; antihypertensives × microalbuminuria; and for analysis of the effect of change in BMI: smoker × duration, BMI change × duration, BMI change × oral hypoglycaemic agents, BMI change × insulin.
All statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA). A p value below 0.05 was considered statistically significant.
Results
The baseline characteristics of all 13,087 patients with type 2 diabetes, stratified by BMI level, are shown in Table 1 . At baseline, 42% were overweight (BMI 25-29.9 kg/m 2 ), 38% were obese (BMI≥30 kg/m 2 ) and 20% had normal weight (BMI<25 kg/m 2 ). Overweight and obese patients had a shorter duration of diabetes, higher HbA 1c , higher systolic blood pressure, more cases of microalbuminuria and fewer of them were smokers. Of the obese patients, 56% were using antihypertensive drugs and 14% were using lipidlowering treatment, as compared with 45% and 13% of overweight patients, and 33% and 9% of normal-weight patients, respectively.
Adjusted risk estimates Cox regression analyses were performed for all 13,087 patients, followed-up for a mean of 5.6 years, to determine hazard ratios (95% CI) for BMI at baseline as continuous variable and first-incident fatal or non-fatal CHD, stroke, CVD and total mortality ( Table 2) . For a 5 unit increase in BMI, the adjusted hazard ratios were 1.15 (1.08-1.21), 1.11 (1.03-1.19), 1.13 (1.08-1.18) and 1.27 (1.17-1.37), respectively, which were statistically significant after adjustment for age, sex, diabetes duration, type of hypoglycaemic treatment, smoking and significant interactions (model 1). The risks were attenuated, but remained significant except for stroke, after further adjusting for HbA 1c , microalbuminuria, systolic blood pressure, and use of lipid-lowering and antihypertensive treatment (model 2): 1.09 (1.03-1.16), 1.04 (0.96-1.12), 1.07 (1.02-1.12) and 1.20 (1.10-1.30), respectively. For obesity compared with normal weight, the adjusted hazard ratios (model 1) were: for fatal/non-fatal CHD, 1.49 (1.27-1.76); for fatal/non-fatal stroke, 1.33 (1.08-1.65); for fatal/nonfatal CVD, 1.44 (1.26-1.64); and for total mortality, 1.71 (1.36-2.14). These hazard ratios were somewhat lower, but still strongly significant except for stroke, after adjustment according to model 2.
Comparing overweight with normal weight, the adjusted hazard ratios were: for fatal/non-fatal CHD, 1.27 (1.09-1.48) according to model 1 and 1.18 (1.01-1.38) according to model 2; and for fatal/non-fatal CVD, 1.24 (1.09-1.41) according to model 1 and 1.14 (1.00-1.31) according to model 2. The relative risks for stroke and total mortality were not significantly increased in the overweight group. Table 3 shows hazard ratios for fatal and nonfatal events separately. With increasing BMI (per 5 units) at Table 2 Adjusted hazard ratios for BMI, overweight and obesity at baseline and first-incident fatal/non-fatal CHD, stroke, CVD and total mortality using Cox regression analysis in 13,087 type 2 diabetic patients followed up for 6 years baseline, the adjusted hazard ratio (model 1) was higher for fatal CHD than for non-fatal CHD, 1.29 (1.17-1.42) and 1.10 (1.03-1.17), respectively. Similarly, the relative risk was higher for fatal than for non-fatal CVD. Obesity compared with normal weight increased the risk of fatal CHD (79%) more than the risk of non-fatal CHD (38%), and increased the risk of fatal CVD (62%) more than the risk of non-fatal CVD (32%), after adjustment according to model 1. 
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Discussion
Overweight and obesity are associated with increased risks of cardiovascular morbidity and mortality in the general population [8] [9] [10] [11] [12] [24] [25] [26] [27] , but only a few previous studies of type 2 diabetic patients have addressed the topic, and with somewhat conflicting results [13] [14] [15] [16] [28] [29] [30] [31] . Our large observational study clearly shows an increased risk of fatal/non-fatal CHD (15%), stroke (11%), CVD (13%) and total mortality (27%) with a 5 unit increase in BMI at baseline after adjustment for age, sex, diabetes duration, type of hypoglycaemic treatment and smoking (model 1), and the risks were attenuated, but remained significant (except for stroke), when also adjusted for additional cardiovascular risk factors (e.g. HbA 1c , microalbuminuria, systolic blood pressure and use of lipid-lowering and antihypertensive treatment [model 2]). Furthermore, this study was able to demonstrate that not only obesity, but also overweight, increased the risk of fatal/non-fatal CHD and CVD in type 2 diabetic patients, according to both models 1 and 2. Obesity also significantly increased the risk of total mortality as well as the risk of a fatal CVD event. The results of our study, with obesity increasing the risk of total mortality by 71% (model 1), are supported by an observational study from Italy that followed 3,398 type 2 diabetic patients for 10 years, showing that obesity increased the risk of overall mortality by 74% in younger patients (<65 years old) (adjustment as in model 1), whereas excess weight predicted better survival in older patients [16] . An increased risk for total mortality with obesity was seen in the large UK General Practice Research Database (GPRD) study on type 2 diabetic patients (N=44,230, age 35-89 years, followed from 1992 to 1998), showing 13% and 43% increases in risk for BMI [30] [31] [32] [33] [34] , respectively (adjustment as in model 1) [28] . An older, smaller WHO study found no association between BMI and total mortality [13] .
Concerning CHD, the Nurses' Health Study on type 2 diabetic women (N=5,897, age 40-74 years, followed for 20 years) found that, compared with women with BMI <23 kg/m 2 , those with BMI 25-26.9 kg/m 2 had an 85% increased risk of non-fatal myocardial infarction and fatal CHD, those with BMI 27-29.9 kg/m 2 had a 95% increased risk and those with BMI over 30 kg/m 2 had a threefold increased risk (adjustment as in model 1) [14] . In the present study, overweight and obesity increased this risk by 27% and 49%, respectively, compared with BMI <25 kg/m 2 (model 1). The higher risk estimates in the Nurses' Health Study are probably explained by the lower reference BMI.
Our study showed that obesity increased the risk of fatal and non-fatal stroke by 33% above that of normal weight patients (model 1), although this was not significant when adjusted according to model 2. The UK GPRD study (N= 41,799, age 35-89 years, followed from 1992 to 1999) found a significantly increased risk of stroke (36%) only with BMI >35 kg/m 2 compared with BMI 20-24 kg/m 2 (adjustment as in model 1 and for hypertension) [29] , whereas in a UKPDS report, obesity was not independently associated with an increased risk of fatal or non-fatal stroke [30] .
When BMI at baseline was used as a continuous variable, we found that the risk of CHD increased by 15% per 5 unit BMI increase according to model 1, and by 9% according to model 2 (when adjustment included HbA 1c , systolic blood pressure and lipid-lowering treatment as a marker of hyperlipidaemia), while UKPDS 23 found no significant association between BMI and fatal/non-fatal myocardial infarction when adjustment included HbA 1c , systolic blood pressure and blood lipids [31] . The relatively large numbers of 13,087 participants and 1,326 events is a major strength of this study, compared with 2,693 patients and 192 events in the UKPDS, and this may be a main reason for the difference between these studies. BMI was also slightly higher in our study: 28.6/29.6 kg/m 2 (men/women) as compared with 27.1/29.4 kg/m 2 in the UKPDS. Furthermore, BMI was used as continuous variable in the present study, but as upper versus lower third in the UKPDS. Adjustment was made for age and diabetes duration in our study, but only for the lower age in newly diagnosed patients in the UKPDS. Our results were supported by the results of a recent meta-analysis by Bogers et al. [9] comprising more than 300,000 participants. BMI was shown to be an independent risk factor for CHD in that study, as the authors found the risk of CHD increased by 29% per 5 unit increase in BMI when adjusting for age, sex, physical activity and smoking, and by 16% when additionally adjusting for blood pressure and cholesterol.
In a large study of 243,000 overweight individuals [15] , it was shown that the presence of hypertension considerably increased the risk of fatal CVD, and the risk was increased even more in the presence of diabetes and hypertension in combination, but not in the presence of hypercholesterolaemia alone. The authors concluded that hypertension in overweight individuals was strongly associated with the increased CVD risk. This points to the importance of adjusting for hypertension, which may possibly be even more important than adjusting for hyperlipidaemia. In the present study we have adjusted for both systolic BP and use of antihypertensive drugs, the two variables constituting the definition of hypertension. In the UKPDS, adjustments were made for systolic BP but not for the use of antihypertensive drugs.
WHO has addressed the issue of how to adjust for confounding factors with regard to BMI, suggesting that in order not to underestimate the risk associated with BMI, factors closely related to BMI such as hypertension, hyperlipidaemia, hyperglycaemia and microalbuminuria should not be considered confounding and adjustments should not be made [32] . Hence, according to WHO, our study model 1 is more correct and model 2 may underestimate the true risk. Taking this into consideration, we find that both models 1 and 2 add valuable information.
The use of both adjustment models also allowed Bogers et al. to conclude that the adverse effect of BMI on blood pressure and cholesterol could account for 45% of the increased risk of CHD, with 55% caused by pathways currently unknown [9] . In the present study, we found that an adverse effect of BMI on HbA 1c , blood pressure, hyperlipidaemia and microalbuminuria accounted for 40% ([1.15−1.09]/[1.15−1]×100) and 46% of the increased risks for CHD and CVD, respectively. Other variables (e.g. disturbed fibrinolysis, endothelial dysfunction and low-grade inflammation) are also most likely to be involved in the causal pathways between overweight and obesity and increased risk of CHD [33] .
In our substudy of 4,916 overweight or obese type 2 diabetic patients with known weight change during the study, there was a 13% increase in the risk of fatal and nonfatal CHD per 1 unit increase in BMI. It also showed that patients who gained most weight during the study (median BMI change+3.8 kg/m 2 ) had a 1.8-to 2.3-fold increase in risk of CHD compared with those who gained less weight or who lost weight. Weight change with regard to diabetes is a complex topic, as weight loss could reflect poorly controlled diabetes (few in this study), and weight gain could be attributable to pharmacological treatment to improve metabolic control [34] . The latter was accounted for by adjusting for the type of hypoglycaemic treatment. We also excluded patients with extreme obesity, and those with BMI <25 kg/m 2 in order to minimise the number of patients with lower weight at baseline caused by concurrent illness. A previous study from the US on overweight and obese type 2 diabetes patients (N=4,970, followed 1959-1972) showed a 28% reduction in CVD mortality with intentional weight loss, with a U-shaped curve giving maximum risk reduction at a weight loss of 10-15% of initial weight [35] . Results from the Nurses' Health Study showed that weight increase before the diagnosis of diabetes was associated with an increased risk of CHD in women, whereas weight change after the diagnosis of diabetes was not [14] . A weight increase of 11-20 kg yielded a 50% increase in the risk of CHD, whereas in our study an estimated BMI increase of 5 units would yield an 80% increase in the risk of CHD.
There are known limitations of observational studies such as this one. Data from participating centres may vary slightly in accuracy, although increased use of computer software with direct reporting of data has minimised this problem; the study cohort is also well characterised and only a few patients with missing data were excluded. Unfortunately, antibody measurements are not yet reported in the NDR. However, the epidemiological definition of type 2 diabetes used in this study should exclude most type 1 diabetic patients, as only 1% had an age at onset <30 years, and 3% had an age at onset <40 years; thus, only very few of the type 2 diabetic patients may have been misclassified as having latent autoimmune diabetes of the adult.
Blood lipid values and the presence or absence of atrial fibrillation were not recorded in the NDR in 1997, and this was a major limitation of this study. Although the use of lipid-lowering medication as a marker of hyperlipidaemia is a relatively weak substitute for blood lipids levels, we made this adjustment. However, previous comparable studies adjusting for the presence or absence of hyperlipidaemia or cholesterol levels have reached similar results [9, 12, 24] . The meta-analysis by Bogers et al. [9] found a hazard ratio of 1.29 for CHD when adjusting as in model 1, and 1.16 when additionally adjusting for blood pressure and cholesterol (45% decrease), compared with 1.15 with model 1 and 1.09 with blood pressure and lipid-lowering drugs added in this study (40% decrease). These results add support for the use of lipid-lowering drugs as a marker of hyperlipidaemia in the present study.
The large numbers of type 2 diabetic patients and events represent a major advantage of this study. Data were sampled from a national register representing patients on routine treatment in hospitals and primary-care centres nationwide, with no exclusions due to the presence or absence of risk factors or co-morbidities, as are often present in randomised controlled trials with limitations owing to strict inclusion or exclusion criteria. Additionally, study endpoints were retrieved by register linkage, a validated alternative to revised hospital discharge notes and death certificates [22, 23] , based on clinicians' diagnoses, and registered in hospital discharge records and on death certificates.
To conclude, this large observational study based on Swedish clinical practice demonstrates a considerably increased risk for CHD, stroke and total mortality in overweight and obese type 2 diabetic patients, independent of well-known risk factors. The results provide additional evidence that overweight and obesity should be counteracted in type 2 diabetes, although randomised trials are needed to fully examine the cardiovascular effects of weight changes and weight-lowering non-pharmacological, pharmacological and surgical treatments.
